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Abstract 
Advances in sports engineering have been shown to contribute to the general trend in improving athletic performance. Whilst the 
advances made by sports engineers have made sport safer, more enjoyable and more accessible, they have also raised significant 
concerns about fairness and athlete passiveness. During an extensive programme of public dialog events on the role of 
technology in sport, issues raised were found to be similar to those commonly associated with other human enhancement 
technologies such as biological and chemical ‘doping’. It is argued that contrary to a large body of public opinion, sports 
engineering fundamentally differs from banned enhancement technologies; and that new advances should only be proscribed if 
they give the athlete an advantage over the sport. 
© 2009 Published by Elsevier Ltd. 
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1. Introduction 
The role of sports engineers can be extremely varied and their work can be used in a diverse range of 
applications. However, it can be argued that much of the work undertaken by the sports engineering community 
concerns one specific topic; the enhancement of athletic performance through the application of engineering 
techniques. This is especially true in the realm of elite sport where sports engineers are increasingly working with 
professional teams and national squads to achieve some sort of performance advantage. It is also true within the 
context of the commercial sector where companies gain market share on the basis that their recipient customers will 
be endowed with enhanced athletic abilities. Of course the sports engineer is not solely concerned with athletic 
performance, and much work concerns safety, comfort and accessibility. 
A number of authors have attempted to quantify the level of athletic performance enhancement that can be 
attributed to sports engineering. Haake et al. [1] considered the effect of racket design on the speed of the serve in 
tennis. The physical characteristics of numerous rackets dating back to 1870 were measured and their effects on 
serve speed were calculated using a complex mathematical model (Tennis GUT [2]). Lukes [3] explored the physics 
of track cycling and determined the degree to which advances in different aspects of bike design would affect the 
efficiency of the rider. Furthermore, Haake [4] introduced the concept of a performance index to compare the 
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changes in athletic performance across different sports. This study considered athletics and track cycling and Haake 
postulated the degree to which performance enhancement could be attributed to sports engineering. In all these 
studies, sports engineering was shown to be a significant contributing factor to the general trend of improving 
athletic performance. Whilst it is accepted that sports engineering has a far greater influence on performance in 
some sports over others, it is apparent that its effects are widespread and profound. 
2. Sports engineering VS human enhancement technology 
Human enhancement technologies (HETs) is a term that has been used for a number of years to describe the 
broad range of methods that may be used to augment one’s natural abilities, both for sporting and non-sporting 
applications. Historically, the consensus view of HETs was that they are predominantly limited to biological or 
chemical means. In their major inquiry into the use of HETs in sport, the UK House of Commons Science and 
Technology Select Committee specifically limited their terms of reference to exclude the use of equipment [5]. 
However, in 2006, the World Anti Doping Agency (WADA) initiated a consultation process about the use of 
hypoxic chambers in elite sport. It was proposed that the use of hypoxic chambers may be in breach of two or more 
of WADA’s guiding criteria for banning a HET. These criteria can be summarized as follows: 1. the potential to 
enhance performance; 2. the potential to pose a risk to the athlete; and 3. a violation of the spirit of sport. Many 
authors discussed the use of hypoxic chambers in relation to these three criteria [6-8] and due to discourse about the 
potential to cause harm, the violation of the spirit of sport and regulatory concerns, this particular method was not 
placed on WADA’s prohibited list. However, the hypoxic chamber episode created a fundamental shift in the way 
that HETs are viewed. Rather than drugs being the sole issue of concern in the HET debate, physical apparatus 
could now be scrutinized through the same prism. One could argue that there is no philosophical difference between 
the athletic performance gains made through sports engineering developments and those made through other HETs. 
In other words, sports engineering is evidently a HET and it should therefore be subject to the same scrutiny as any 
other HET.  
In 2009 the use of polyurethane swimsuits attracted worldwide attention to the advances made by sports 
engineers in a long and heated debate. FINA’s eventual decision to ban the use of full body swimsuits will have 
lasting repercussions on the sport with potential implications for the wider sports engineering community. It is 
apparent that the topic of sports engineering ethics is no longer a hypothetical debate. Similar to so many sports, 
swimming has tried to balance the benefits of technological advances with tradition and fairness. Sports engineers 
have clear vested interests in the technological advance of sport and they may be better able to defend their interests 
through a better understanding of some of the key arguments and concerns about the role of HETs. This paper will 
discuss some of the key arguments both for, and against, the use of sports engineering to enhance human athletic 
ability; it will highlight some of the key issues that are commonly raised in public debates and introduce the concept 
of advantage over the sport.  
3. Public dialogs in sports engineering ethics 
In their response to the aforementioned hypoxic chamber consultation process, UK Sport (the UK Government’s 
sports development organization) commented that “In many ways, the debate comes down to whether or not the use 
of hypoxic chambers is deemed to be ethical, and therefore against the spirit of the sport” [8]. This comment alludes 
to the fact that public opinion is a very powerful force, especially in cases where the issues at stake are not 
particularly clear cut. However, as all politicians know, public opinion can be very fickle, prone to change and 
highly reactive. In the spirit of encouraging a genuine, informed public debate about the role of technology in sport, 
a major commitment to public engagement has made by the author. Over the past five years, more than 300 public 
engagement events have been delivered to a global audience of more than 20,000. These events have often taken the 
form of a showcase lecture followed by questions, but many events have used other formats such panel discussions 
and interactive workshops. Events have been delivered in museums, cafes, bars, science festivals, town halls, 
schools, music festivals and sports stadiums. Public engagement means talking and listening to people from outside 
the specialism and almost by definition, this requires a move away from the university lecture theatre. 
In all events, the non-specialist audiences have been encouraged to share their views on a host of topics ranging 
from technical issues, regulation, ethics and what they want sport to look like in the future. Often, the dialog has 
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been very energetic, free-flowing and with strong, polarized views being expressed. However, these debates have 
also had the benefit of being grounded in scientific fact and hence some of the more extreme perceptions about the 
role of technology in sport have been calmed. 
As well as serving the somewhat altruistic aims of public engagement, these public dialog events have also 
served as a major source of data on what people really think about sports engineering. After each debate, the main 
themes and arguments discussed were diligently recorded. It was quickly found that most people have a common set 
of concerns about the role of sports engineering, and that these concerns are similar to those which are commonly 
expressed about chemical and biological human enhancement technologies. However, it is important to note that by 
no means all participants had concerns about the role of technology in sport, indeed a majority pro-technology group 
would tend to form in most instances (typically 50-70% of the participants). 
The following sections discuss the key arguments that would arise time and time again during the public dialog 
events. Within this short paper it is not possible to provide a comprehensive list of all the arguments, nor a thorough 
philosophical exploration of their various merits or shortcomings. Nonetheless, what follows is a summary of the 
concerns and rebukes of more than 20,000 people. 
4. Arguments against sports engineering 
4.1. Violates the spirit of sport 
WADA state that in order for a technology to be considered for prohibition it must meet at least two of its three 
guiding criteria. The least well defined of these criteria is the violation of the spirit of sport. What the spirit of sport 
actually means has been the subject considerable debate within the sports ethics community. It is hard to envisage 
how a totally unambiguous and universal definition could ever be reached due to the different values and cultures 
that different sports possess. Nonetheless, during public dialog events, it has often been argued that sports 
engineering is indeed against the spirit of sport. The grounds for this claim are based on the idea that sport should be 
about the virtuous perfection of natural talent. It is argued that as spectators, we only value performances that arise 
from hard work, and that technologically aided performances somehow require less work and therefore hold less 
value. Ultimately, it is feared that sports engineering challenges athletic autonomy and the responsibility for ones 
own performance.  
4.2. May the best athlete win 
Even the most biased of fans still want a fair competition. What actually constitutes fairness in sport is a 
discussion paper in itself and in his study on fairness and performance enhancement in sport, Carr [10] provides a 
thorough deconstruction of some of the key interpretations. Theorizing aside, most people would tend to agree that a 
fair competition is one where the ‘best’ athlete is seen to win; and this is perhaps the most common of all grievances 
concerning the role of technology in sport.  During public dialog events, it has consistently been found that people’s 
core fear is that technology might somehow stop the ‘best’ athlete from winning.  
4.3. Money can buy gold 
The relationship between a nation’s position in the Olympic medal table and their gross domestic product is 
widely accepted and has been studied by swathes of statistics students some economists [11]. This relationship 
reinforces a popular argument that sports engineering bequeaths the rich with an unfair advantage over the poor. In 
reality it is unlikely that a truly world-class athlete would be unable to access suitable equipment, but there are a 
number of highly technical sports whose high cost is perceived to prohibit competition in poorer nations. Track 
cycling and rowing are commonly criticized in this regard. It is also argued that sports engineering can act as a 
barrier to increased levels of participation because beginners are unwilling to meet the high cost of ‘competitive’ 
equipment. However, this argument has limited merit when one considers the real terms price decrease for entry 
level equipment in many sports such as skiing, tennis and mountain biking.    
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4.4. Deskilling and tradition 
In virtually every public dialog event, at least one person would vocalize their opinion that sports engineering 
makes sport easier. The perceived deskilling of sport is full of negative connotations because we see sport as a 
fundamentally human endeavor and value performances that are achieved through hard work and determination. 
Those who believe that technology makes life easier for the athlete feel that it is responsible for damaging the values 
or ‘internal goods’ of the sport. Of course whether sports engineering actually makes competition any easier is 
highly debatable, and one can also argue that new technology requires athletes to expand their skill set rather than 
reduce it. 
Swinging the latest carbon fibre tennis racket probably does not make it any easier to win Wimbledon today than 
it did when using a wooden version in the 1970s. However, it is true that is easier to ride a bike for 49.4 kilometers 
in one hour when using the latest highly aerodynamic model than the type ridden into the record books by Eddie 
Merckx in 1972. For some sports, advances in technology have made individual performance comparisons through 
history almost meaningless. Whilst one can argue that it is never any easier to be the best at any moment in time, 
many individuals feel strongly that to see the records of previous masters being exceeded by extraordinary margins 
is disrespectful and contrary to important traditions. 
5. Arguments in favor of sports engineering 
5.1. Banning performance advantage curtails development 
All sports people benefit from sports engineering development. We enjoy playing with high performance 
equipment that helps us to reach out sporting ambitions. It has been argued that research into sports technology is 
fundamentally about gaining a performance advantage over a competitor, whether they be a rival athlete or a rival 
company in the market place. If gaining a performance advantage through technology is severely curtailed by 
excessive regulation, the principal motivation for undertaking research and development is lost. There is simply no 
point in embarking on a sports engineering process if the resulting developments are likely to be banned because 
they provide a performance advantage. A powerful argument that is often aired during public dialog events is that 
excessive regulation curtails the development of new equipment; and that without the advances that we see today, 
people’s enjoyment of sport would be greatly diminished.  
5.2. Enabling evolution, avoiding stagnation 
Technology acts as a catalyst for evolution in sport; it pushes boundaries and takes athletes to places new. Whilst 
there are those who take a traditional stance and object to evolution within a sport, for others it is what keeps the 
sport alive. The media are fascinated by progress; sports receive unparalleled levels of attention when records are 
broken and all time ‘best’ performances are identified. Conversely, sports run the risk of falling into stagnation and 
far from the media’s gaze when nothing ‘new’ is seen to happen. We live in a rapidly changing world and as a 
society we expect to see progress. It is commonly argued that if sports are seen to place too much of a focus on 
tradition they run the risk of appearing ‘out of touch’, or at worst, ‘irrelevant’. 
Numerous sports have evolved through the development of new technology to such an extent that new ‘species’ 
have emerged. These sports could be said to be born of technology, and their development would not have been 
possible in an overly regulated sporting world. Mountain biking emerged from road cycling, windsurfing from 
sailing, snowboarding from skiing; if we do not allow any future innovation to take place perhaps we risk denying 
the possibility of future sports? 
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5.3. Back to the future 
In the early 1980s during the crossover between the era of the traditional wooden tennis racket and the ‘radical’ 
oversize design, arguments about the use of this new technology were probably very similar to those that we hear 
today. Thirty years later and the idea of playing tennis with a wooden racket is laughable; indeed most young people 
tend to snigger when they see one. The point is that we quickly normalize to new technology and look back at old 
technology in amazement at how we ever coped. No modern day footballer would want to play with a 1960s leather 
ball that doubled in weight during a match; so what would a footballer in 2060 really think of the thermally bonded 
synthetic footballs of today? Can we really expect the next generation of sports people not to look back at our 
current levels of technology in sport and wonder why we were so hesitant not to see more development?   
5.4. Only a ‘problem’ for the elite 
Almost all of the arguments posed against developments in sports engineering are primarily concerned with 
competitive sport. Indeed, the issues only really tend to come into focus when the elite performer is considered. By 
definition, the vast majority of people who use sports equipment are not elite, and most will only engage with 
recreational, non-competitive sport. For the vast majority of people, golf is still an exceptionally difficult game to 
master regardless of the shape of the grooves on the club head. Most cyclists will need every help that their titanium 
bike will give them as they attempt to ride L’Etape Du Tour. Sports engineering enables the vast majority of 
participants to enjoy their sport more, and through a greater degree of safety. Should the issues which only concern a 
tiny minority of the participants be allowed to overshadow the interests of the majority? 
6. Advantage over the sport 
The process of facilitating a public dialog about the ethics of sports engineering has revealed a plethora strong 
opinions, fears and complex issues. There is clearly no ‘perfect answer’ to anybody in the position of regulating the 
influence of technology in sport. And what of the sports engineer? How should sports engineers’ best defend their 
interests when debating these topics? A useful stance is to assert that technological advances are not automatically 
damaging to sport even if they provide an athlete with an advantage over another competitor. Whilst the concept of a 
level playing field may be desirable, it is not practically attainable because some individuals will always have 
advantages over others. Increasingly, sports engineering developments are focused on optimizing coaching and 
training; even if all athletes use identical equipment during competition they will have received differing levels of 
technological support leading up to that point. However, sports engineering should not be given carte blanche 
approval. It is evident that boundaries do exist, and it is proposed that a good indicator of when they are being 
crossed is the test of whether a technology provides an athlete with an advantage over the sport.  
The concept of gaining an advantage over a sport is discussed by Carr [10] and it provides a compelling argument 
for liberal regulation. Put simply, if a new technology allows a competitor to circumvent the sporting test it could be 
said to provide an advantage over the sport. An example of this would be if marathon wheelchair athletes were 
allowed to compete in the same class as marathon runners. For the runner, the sporting test is to cover the distance in 
the shortest possible time by running. This sporting test is corrupted if a new technology such as using wheels is 
introduced. This example is clearly farcical, but what of the disabled athlete using advanced leg prostheses to 
compete against a non-disabled runner? Gaining an advantage over the sport devalues the sporting test and 
technologies that strive to achieve this quickly become the subject of intense controversy. However, this guiding 
philosophy for regulation does allow for considerable levels of technological development within a sport as long as 
the nature of the sporting test remains unchallenged. The difficulty here is determining when a technology provides 
an advantage over a sport. Does wearing a polyurethane swimsuit challenge the nature of the sporting test in 
question? Wearing a pair of flippers would certainly challenge the nature of swimming and it is no surprise that they 
are not allowed in competition. However, it is altogether less clear whether wearing a full body swimsuit actually 
changes the fundamental character of swimming and thus provides an advantage over the sport. It is unfortunate that 
many decisions surrounding issues such as these are often arbitrary and somewhat reactionary. Although it is 
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difficult to maintain a position of certainty when considering these issues, one can be sure that future controversies 
about future sports technologies are inevitable.   
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